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Polarimetric imaging radar is an important technique in the microwave remote sensing. With 
advanced polarimetric systems and accumulated data sets together with the theories, 
polarimetric remote sensing has been successfully applied in many fields and it is moving 仕om
a qualitative to a quantitative sensing tool. Current challenge is how to effectively explore the 
polarimetric information for physical parameters retrieval, which requires advances in 
characterization and interpretation of the electromagnetic scattering. This is the main motivation 
of this work. This thesis intends to contribute in the following aspects with polarimetric 
synthetic ape則reradar (PolSAR) and polarimetric SAR interferometry (PolInSAR) scenarios. 
Chapter 1 briefly introduces the research background and motivations. Chapter 2 reviews the 
basic theories in radar polarimetry induding the definition and representation of polarization 
and polarization basis transformation. Besides, the fundamental principles in polarimetric 
imaging radar, induding SAR, polarimetric SAR, interferometric SAR and polarimetric SAR 
interferometry, are briefly summarized. Furthermore, some of the advanced concepts for 
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understanding and interpreting polarimetric scattering mechanism are also introduced, such as 
the polarimetric decomposition, deorientation and PO angle theories. These are also the bases of 
the following work. 
Chapter 3 focuses on the speckle reduction. A double similarity test scheme based on 
complex Wishart distribution is proposed for similar pixel characterization and selection 
particularly for PolInSAR complex coherence estimation. The ful information utilization can 
characterize the homogeneous pixels more accurately. The similarity test has the potential to 
reject the pixels with di旺erentpopulations and is suitable to be applied in a large searching area 
to accept sufficient homogeneous pixels. Thereby, combining with unbiased estimator, reliable 
estimation is achieved. Secondly, an improved Refined Lee speckle filter is proposed to 
overcome the possible blurring of strong targets and the slight patchy-look effect 仕om the 
original Refined Lee filter. The improvements include a point target test, a homogeneity test and 
a robust scheme for edge-aligned window selection. The efficiency and advantage of the 
proposed two algorithms are demonstrated with simulated and real datasets. 
Chapter 4 aims at the development of the uniform polarimetric matrix rotation theory in the 
rotation domain along the radar line of sight for PolSAR image interpretation. The uniform 
representation of each coherency/covariance matrix element is a sinusoidal function in the 
rotation domain. A new set of oscillation parameters, including the oscillation amplitude, 
oscillation center, angular 企equency and initial angle, is proposed to 白lly characterize the 
scattering behavior in the rotation domain. Besides, a set of rotation angle parameters, including 
the stationary angle, null angle, minimization and maximization angles, is derived 合om the 
angular 合equency and initial angle to indicate specific states of the rotation property. The 
rotation relationships between coherency and covariance matrices with the linear and circular 
polarization bases are derived. A look-up table for these parameters is provided. In addition, the 
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characteristics ofthe rotated polarimetric coherence with different polarization combinations are 
investigated. The roll-invariant terms are also summarized. Finally, a Pi-SAR PolSAR data set is 
used to demonstrate the properties of the derived parameters in the rotation domain. The two 
rotation parameters are verified to be especially suitable for oriented manmade targets 
characterization. Further utilization perspectives of the proposed theory are discussed. 
Chapter 5 白rther investigates the orientation compensation e百ect in model-based 
decomposition over built-up areas. Comparison studies are carried out and demonstrate that the 
overestimation of volume scattering power is due to the limited dynamic range of the models 
themselves which are not fully satisfied for the mixed scene. Furthermore, it is demonstrated 
that conventional model-based decompositions with orientation compensation work well when 
the polarization orientation (PO) angles are small. However, this combination may not be 
always sufficient for built-up areas with large orientation angles, where the overestimation of 
volume scattering is stil serious. Further developments are necessary. These observations and 
investigations are also the motivations and bases for the following Chapters 6 and 7. 
In Chapter 6, an adaptive model-based decomposition using complementary polarimetric and 
interferometric information is developed. An empirical volume scattering model is proposed to 
extend the model dynamic range using repeat-pass PolInSAR coherence which is sensitive to 
different types of forests and terrains. It accounts for the cross-polarization power induced by 
oriented manmade s汀uc印res. Comparative experiments have been carried out and show that the 
proposed decomposition overcomes the scattering mechanism ambiguity between forests and 
oriented built-up areas. Besides, the stable decomposition performance over the oriented 
built-up patches with quite di百erent orientation angles also validates the improvement of the 
proposed method. In addition, the demonstrations with short and long temporal baselines 
validate the generality of the proposed method. 
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Furthermore, in Chapter 7, generalized double-and odd-bounce scattering models are 
proposed to be adaptive for terrain slopes and oriented buildings, by separating their 
independent orientation angles. These models fit the cross-polarization and 0百二diagonal terms. 
Then, a general decomposition framework which utilizes the complete information is proposed. 
The residual minimization criterion is used for model inversion. The model parameters are 
obtained simultaneously and adaptively using the nonlinear least square optimization where the 
negative power is theoretically avoided. The reflection symme位y assumption, manual 
intervention and branch conditions are well avoided. Its efficiency and advantages are 
demonstrated and evaluated with many PolSAR datasets. 
Chapter 8 isfor earthquake and tsunami damage assessment using polarimetric techniques. 
The great earthquake and tsunami of March 1 t¥2011 , is adopted as the study case. The 
polarimetric scattering mechanism changes are quantitatively examined with model-based 
decomposition. It is clear that the observed reduction in the double-bounce scattering was due to 
a change into odd-bounce scattering, since a number of buildings were completely washed away, 
leaving relatively a rough surface. PO angles in built-up areas are also investigated. After the 
tsunami, PO angle distributions from damaged areas spread to a wider range and fluctuated 
more strongly than those from the before-tsunami period. Two polarimetric indicators are 
proposed for damage level discrimination at the city block scale. Experimental results from 
a白er- and before-tsunami comparisons validate the efficiency of these indexes, since the 
built-up areas with di百erent damage levels could be well discriminated. In addition, 
comparisons between before-tsunami pairs 白rther confirm the stability of the two polarimetric 
indexes over a long temporal duration. These interesting results also demonstrate the importance 
of白IIpolarimetric information for natural disaster assessment. 
Finally, the contributions and innovations of the whole thesis, and further perspectives are 
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summarized in Chapter 9. 
The thesis struc加reis given in Fig.l. 
Cbapter 1 Introduction 
Cbapter 2 Radar polarimetηand polarimetric SAR 
Cbapter 3 Speckle filtering for PolSAR and PolInSAR images 
Cbapter 4 Uniform polarimetric matrix rotation tbeory 
Cbapter 5 Deorientation effect investigation for model-Based 
decomposition over built-up area 
Cbapter 6 Adaptive model-based 
decomposition using PolInSAR data 
Cbapter 7 General model-based 
decomposition for PolSAR data 
Cbapter 8 Polarimetric analysis for eartbquake and tsunami 
damage assessment and cbaracterization 
Cbapter 9 Conclusions and perspectives 
Fig. I Thesis s汀ucture.
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論文審査結果の要旨
本研究は衛星、航空機に搭載される偏波を利用する合成開口レーダ、ポーラリメトリック S油の有すがIj用関す
るものである。まずデータの特性を偏波鰯庁の観長から詳しく解析し、対象に対する電波照射角度と計測される偏
波特性の関係、を明らかにした。その上で、ポーラリメトリック S油データを利用して地表の環境情報を正しく理
解するための新しし、解析手法を提案し、実データへの適用を行ってし、る。
第 1 章でポーラリメトリック 8AR の現状を伽敢している。
第2章ではポーラリメトリック 8AR の基本的な性質を説明した後、最近の新しいデータ手l開法について述べ、
そこで見られる計測手法に由来する問題点をまとめている。
第 3 章では 8AR データに特有のスペックノイズを軽減する新しし、フィルタを提案している。画素に含まれるデ
ータの相関性をポーラリメトリ情報まで含めて吟味し、フィルタ処理によって生じる解像度の低下を押さえること
に成功した。
第4章では対象物に対して電波の入射角度が変わると偏波散乱特性が変化する様子をコヒーレンス行列の上で
体系的に表現する新しい手法を提案した。本手法の導入により、数学的な扱いが格段に明確になる。
第5章では偏波特|生を利用して、都市域において地表分類を行う際に問題となる、電波の入射角依存性について、
現状の側庁手法の問題点を明らかにした。
第6章では画素の相関性を検証するために偏波情報を利用する手法を提案している。
第 7章では現在使用されているモデ、/け消手法の欠点を補うために、体積散乱に関して複数のモデ、ルから最適なモ
デ、ルをi劃尺する新しし地表の分類手法を提案し、その有効性を明らかにしている。
第8章では東日本大震災の被災地で計測されたポーラリメトリック S品データを鰯斤し、本主命文で提案する手
法が、被災地の把握に役立つことを芳正している。
第9章は結論である。
本論文では、衛星あるし壮航空機からのレーダ計測で避けることができない、対象物に対する角度依存性を解消
する手法について、その発生メカニズムと、現状で利用されている解析手法の問題点を明らかにした上で、それら
の問題を補う新しし、糊庁手法を提案し、実データで有効性を検証してしも。
我が国ではAIβ8-2 など次期地1求観視l蹄星の運用開始が決まってし、る。本主命文の成果は、今後の災害計測、環境
計測において重要度が増すと予想されるポーラリメトリック 8AR において、データをより広範かっ有効に利用す
る手段を格段に広げる可能性を示しており、環境計測への寄与は極めて大きい。
よって，本論文は博士(判~ )の学位論文として合格と認める。
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